Background. Richter's syndrome (RS) is a rare complication with an unfavorable prognosis, in which chronic lymphocytic leukemia (CLL) or small lymphocytic lymphoma (SLL) transform into a more aggressive type of lymphoma, most commonly into diffuse large B cell lymphoma (DLBCL) or less often into Hodgkin's lymphoma (HL).
Introduction
Chronic lymphocytic leukemia (CLL) is the most common type of leukemia in adults in the Western Hemisphere. The clinical course is heterogenic in nature. In many patients, the disease follows an indolent course and it does not require cytostatic treatment. 1 Richter's syndrome (RS) has been defined as a separate clinical condition, which may occur following the transformation from chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) into an aggressive form of non-Hodgkin lymphoma (NHL), most commonly into diffuse large B cell lymphoma (DLBCL), particularly into the ABC subtype (DLBCL-RS) or less commonly into Hodgkin's lymphoma (HL) -a Hodgkin variant of RS, HvRS. 2 Research carried out over the last few years has shown that in the majority of cases (80%), a more aggressive subtype of DLBCL is clonally related to DLBCL. In the remaining group of patients, it is clonally independent of the DLBCL clone. 3 At the same time, patients with CLL and SLL are at a higher risk of developing secondary malignancies, arising outside of the hematopoietic system. 4 The term RS also refers to the transformation of indolent NHL outside of CLL/SLL; hence, it has been observed in 11-30% of patients with follicular lymphoma (FL), in 13% of patients with lymphoplasmacytic lymphoma (LPL) and in 11% of patients with marginal zone lymphoma (MZL).
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Objectives
The objective of this research paper was to present a retrospective analysis of patients with CLL/SLL whose disease underwent RS and who were treated at the Department of Hematooncology and Bone Marrow Transplantation of the Medical University of Lublin (Poland) between 2006 and 2015.
Material and methods
The analysis included patients with CLL/SLL diagnosed in the years 2006-2015, which transformed into RS.
In this timeframe, 217 CLL/SLL patients were hospitalized at the Department of Hematooncology and Bone Marrow Transplantation of the Medical University of Lublin (Poland). Apart from the patients with RS, 100 women and 107 men at a median age of 64.2 years (34-86 years), Rai stage 0-4 and Ann Arbor clinical stage II-IV were observed or treated.
Clinical, laboratory, immunophenotypic (ZAP-70 and CD38 expression), histopathological, and genetic data (deletion of 17p -del(17p) and deletion of 11q -del(11q)) was collected at the time of CLL/SLL diagnosis, and some was collected at the time of transformation (genetic testing was repeated in 8 patients). Due to logistical reasons, the IgVH mutational status was not assessed.
The expression of ZAP-70 and CD38 was considered positive if it was present in more than 20% of leukemic cells. The diagnosis of RS was confirmed in every patient on the basis of a lymph node biopsy, bone marrow trephine or histopathology assessment of the extralymphatic system organs. Survival time was defined as the time from RS diagnosis until death or until the last follow-up of the patient. Tables 1 and  2 present the clinical characteristics, and the immunological and genetic parameters of all patients with CLL/SLL and patients with RS at the time of CLL/SLL diagnosis.
The current study was approved by the Ethics Committee of the Medical University of Lublin (Poland).
Results
The study group included 9 patients with primary CLL and 1 patient with a diagnosis of SLL. The patients' cohort included 6 women and 4 men with a median age of 65. In most cases (9 patients), RS occurred during progression in the CLL/SLL phase, while in 1 patient, the disease developed at the moment of leukemia diagnosis. Systemic symptoms and increased activity of lactate dehydrogenase (LDH) were found in 9 patients.
The time from the diagnosis of CLL/SLL to the transformation ranged from 0 to 111 months (median: 42 months). Usually, 1-5 cycles of chemotherapy were administered before Richter's transformation occurred. The drugs used in chemoimmunotherapy consisted of purine analogs, alkylating agents, rituximab, ibrutinib, and idelalisib.
Five patients died during the study. Three of them did not receive cytostatic treatment due to their very poor clinical state. They survived from 2 weeks to 2 months.
The following 2 patients did not respond to chemoimmunotherapy (the disease remained active and the survival time was 1-2 months). The survival time of the remaining patients who were observed until the end of the study was 5-18 months (median: 13 months).
The treatment resulted in complete remission (CR) in 1 patient, partial remission (PR) in 2 patients and stable disease (SD) in 2 patients. The clinical characteristics of patients at the time of RS diagnosis and during transformation is presented in Tables 3 and 4. In 6 patients, the disease involved extranodal sites (the bone marrow, skin, pleura, urinary bladder, thyroid gland, liver, and central nervous system). In patient No. 9, abdominal computed tomography (CT) revealed a considerably enlarged liver with irregular borders. The liver parenchyma, with a density of 40 HU, was almost completely infiltrated with numerous round areas of normal density and up to 70 mm in size, which showed smaller contrast enhancement ( Fig. 1) . At the same time, an ultrasound scan showed a hyperechoic, solid tumor of the left lobe and isthmus of the thyroid gland. Assessment of the bioptic material obtained from the liver and thyroid gland confirmed histologically proven DLBCL.
In patient No. 7, CT revealed an infiltrative lesion of the urinary bladder. Specimens were obtained from the trigone and neck of the bladder during cystoscopy. RS -Richter's syndrome; LDH -lactate dehydrogenase; CLL -chronic lymphocytic leukemia; ↑ -increases; N -normal; B -bendamustine; R -rituximab; F -fludarabine; C -cyclophosphamide; H -doxorubicin; O -vincristine; P -prednisone; Chl -chlorambucil; del -deletion; ND -not done; * Ann Arbor staging. (Fig. 2) , forearms and abdomen (Fig. 3) . Histology skin specimens were obtained, following assessment by a dermatology consultant. A histopathological examination of the biopsy specimen results showed RS disease transformation.
Discussion
Richter's syndrome is a rare complication which was first described by Maurice Richter in 1928. 8 The incidence of RS in patients with CLL has been estimated to be between 2% and 10%. 9 In our study, the incidence of the disease was 4.6%. This remarkable discrepancy of the data may be due to patient selection of different referral centers and to the high heterogeneity of the patient groups, which probably included both patients with histopathologically confirmed disease and patients with clinically suspected RS. 10 Clinical studies, the source of information about RS, do not always deliver reliable data on the incidence of the disease, as they usually describe only selected patient groups (of a certain age, clinical status or history of chemotherapy). They usually include patients with progressive forms of the disease who require intensive treatment. [11] [12] [13] [14] Contrary to the opinion that RS usually starts after a few years of CLL, Parikh et al. showed in their study that the median time to transformation was only 1.8 years. The authors of the publication suggest that the predisposition to RS may be congenital. 15 The TP53 and CDKN2A mutations were found in about 50% of patients with RS, while the trisomy 12 and NOTCH1 mutations were identified in 30% of patients. 16 The genetic RS -Richter's syndrome; DLBCL -diffuse large B cell lymphoma; HL -Hodgkin's lymphoma; CT -computed tomography; B -bendamustine; R -rituximab; C -cyclophosphamide; H -doxorubicin; O -vincristine; P -prednisone; A -adriamycin; V -vinblastine; D -dacarbazine; Bleo -bleomycin; CR -complete remission; PR -partial remission; SD -stable disease; NA -not applicable. instability and loss of cell cycle control, related to c-MYC abnormalities, may explain the mechanisms of transformation. Infection with the Epstein-Barr virus is indicated as the factor dysregulating the immune system in patients with HvRS. 17 There are numerous controversies over the impact of previous therapies on the clonal selection process. Some cytostatic agents may be considered triggers in the development of RS. Patients with CLL/SLL are usually administered many different types of chemotherapy, which means that it is difficult to identify which drug is of particular significance for the RS disease transformation. Treatment with a combination of purine analogues and alkylating agents has been reported to have an adverse effect on the development of the disease, whereas the risk of RS did not appear to be increased in patients exposed to only 1 of these drug classes. 15 On the other hand, Catovsky et al. and Solh et al. did not observe this effect in their studies. 11, 14 Little is known about the role of the small molecules, such as ibrutinib, idelalisib, BCL-2, and GDC-199 antagonists. In the study by Woyach et al., who investigated ibrutinib used in monotherapy and in combination with ofatumumab, RS developed in 6% of patients (in 2/3 of them, RS occurred within the 1 st year of the treatment).
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In our study group, RS was found in 2 patients receiving ibrutinib and developed after 4-5 months of the therapy. It appears that it is not possible at the moment to suggest the impact of the drug on the development of RS. The mechanism of clonal evolution should also be taken into account. In cases where the duration of treatment was short, it is also possible that transformation started before the therapy was initiated. An increased risk of RS is associated with adverse prognostic factors, which include genetic aberrations such as del(11q), del(17p), unmutated immunoglobulin heavy chain variable region genes (IGHV), and a high expression of ZAP-70, CD38 and CD49d at the moment of CLL diagnosis. 15, 19, 20 Recent studies have also suggested the significance of the NOTCH1 mutation, which considerably increases the risk of transformation (20-30% in patients with the mutation vs 5% in patients without the mutation). It has also been proven that it concerns only the cases of clonally related RS. 21, 22 In our study, del(11q) was found in 2 patients, whereas leukemic B-cells showed expression of ZAP-70 and CD38 in 9 patients. It appears that not all adverse prognostic factors correlate with the development of RS. Rossi et al. proved that biological and molecular pathways leading to RS transformation and to the aggressive course of CLL differ from one another. They showed in their study that the SF3B1 mutation, which is the latest marker of CLL progression, did not have any impact on RS transformation. 22 An additional argument supporting this hypothesis is the fact that in 1 of our patients, RS developed at the moment of CLL diagnosis, when the disease was in the stable stage. The clinical course of RS is usually aggressive and extremely rapid. The clinical picture of DLBCL-RS is similar to that of HvRS. More than half of the patients (59%) present with fever, considerable weight loss and drenching night sweats. Progressive lymphadenopathy, usually of 1 region, is observed in 64% of patients, while elevated LDH levels and monoclonal gammopathy are observed in 82% and 44% of patients, respectively. 23, 24 Hypercalcemia is also sometimes observed. 25 These symptoms are not specific to RS and they may be associated with CLL progression.
One examination which helps to diagnose RS is positron emission tomography (PET). A maximum standard uptake value (SUV max ) >5 indicates the potential location of the transformation, but it still requires confirmation by a histopathological examination, due to the need to exclude prolymphocytic leukemia, a coexisting lymphoma of different histology, the lymph node involvement by inflammation, or an unrelated malignancy. 26, 27 Richter's syndrome most often affects lymph nodes and bone marrow. The disease is located extranodally in 41% of patients. The prognosis for patients with CLL/SLL who were diagnosed with RS is extremely poor. It concerns typical DLBCL transformation as well as HvRS. 24 At the same time, there are some differences in the clinical course of the disease depending on which risk group, defined by Tsimberidou et al., the patient belongs to. 10 The "Richter score" was based on the platelet levels, LDH levels, Eastern Cooperative Oncology Group (ECOG) performance status, a tumor size >5 cm, and more than 1 prior cycle of chemotherapy. However, it did not take into account genetic aberrations which often occur during the course of the disease or clonality, which are probably the most important factor. The prognosis of the less common clonally unrelated RS seems to be significantly better. 3 An extranodal location of the disease also appears to be an important factor in prognosis. In our study, the disease was found in the central nervous system -a particularly poor prognostic location. The evaluation of clonality requires precise testing methods. The examination of the rearranged IGVH VH-D-JH nucleotide sequence by polymerase chain reaction and sequencing is currently considered the best one. It is not possible, however, to perform these tests in every healthcare center. 19 The studied group included 130 patients with CLL/SLL diagnosed within the 5-year period (2012) (2013) (2014) (2015) (2016) in the Department of Hematooncology of the Oncology Center in Brzozów (Poland) and followed by one of the researchers from our team. Out of this group, 4 patients with CLL suffered transformation into RS.
A poor prognosis in RS mainly results from the resistance to chemotherapy, which is often caused by genetic aberrations, particularly those acquired during the course of the disease. There are no prospective studies of patients with RS and it considerably complicates the development of effective treatment regimens. The results of the molecular studies which provide an explanation of the transformation mechanisms are not sufficiently used for therapeutic purposes. The most commonly used treatment regimen for DLBCL-RS is R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone), whereas for HvRS it is ABVD (adriamycin, bleomycin, vinblastine, and dacarbazine) and less frequently MOPP (mechlorethamine, oncovin, procarbazine, and prednisone). 28, 29 Recently, more attention has been paid to new molecules. It is especially true in regard to ibrutinib, which could be used in transplant-eligible patients with RS who showed resistance to previous chemoimmunotherapy. 30 New antibodies are also promising. One clinical study (MC1485), which evaluated the efficacy of PD-1 antibodies in resistant and recurrent forms of CLL and low-grade B-NHL, showed good response to the treatment in patients with RS. 31 In patients with the location of the disease in the central nervous system or with other solitary lesions, radiotherapy should be taken into consideration. An autologous or allogeneic stem cell transplant may also be considered.
Summary
Richter's syndrome is an uncommon complication of CLL/SLL with an unfavorable prognosis. Richter's syndrome should be considered at any time of the disease presentation, even at diagnosis -particularly when the course of the disease is aggressive (severe general symptoms, massive lymphadenopathy and internal organ involvement). There is currently no clear therapeutic algorithm for the treatment of the disease. Richter's syndrome occurs most often in elderly patients suffering from comorbid conditions and it often develops after a few cycles of chemotherapy. Treatment of active and aggressive forms of the disease is particularly difficult and cumbersome. Targeted therapies, based on the knowledge of the mechanisms of transformation, seem to give hope for the future. The RS treatment process requires further intensive research.
